Background and Aims: In Ivoirian's school, the management of vaso-occlusive painful crisis in sickle cell disease requires non steroidal anti inflammatory drugs (NSAIDs). Although their effectiveness, these drugs may be accompanied by intolerance reactions. When these occur, no codified alternative therapeutic seems to be used to our knowledge. Authors aimed to evaluate the induction of tolerance to NSAIDs as an effective alternative therapeutic. Methods: 22 patients (15 men and 7 women aged from 12 to 39 years with mean age: 22.41 ± 7.88) suffering from vaso-occlusive painful crisis were enrolled. They were known to have a history of sickle cell disease and at least one episode of adverse reactions following the Ibuprofen or Diclofenac intake. A rapid protocol of oral challenge was used in patients to induce tolerance to NSAIDs. The first day, initial doses (8.82 mg for Ibuprofen and 2.20 mg for Diclofenac) were given and gradually increased at intervals of 1 hour over a total period of 6 hours. On the second and third days, the therapeutic dose has been orally administrated with an interval of 6 hours over a period of 12 hours. Results: Despite of some cases of failure that might be related to the severity of symptoms or possible patho-physiological mechanism, more than 80% of patients have successfully tolerated Diclofenac and Ibuprofen. Conclusion: This experience appears to be the first in our context. It might be used as a solution in the lack of alternative therapeutic in the management of vaso-occlusive painful crisis of sickle cell disease as well as in other diseases such as HIV infection where patients often develop intolerance to none alternative antibiotics.
Introduction
The sickle cell disease is a genetic pathology due to a hemoglobin abnormality. Its prevalence in Ivorian is estimated to 14% [1] [2] . This pathology is often characterized by hemolytic anemia and or vaso-occlusive painful crisis due to the presence of bloked capillaries. Such mechanism induces a locally inflammatory process which justifies the use of non steroidal anti inflammatory drugs (NSAIDs) in the treatment. NSAIDs are widely described drugs for treatment of pain, fever, arthritis or other inflammatory diseases because of their high safety profile [3] . In Abidjan's school, these drugs are becoming essential in the treatment of the painful crisis of sickle cell disease and no codified alternative therapeutic seems to be used to our knowledge. Unfortunately, the use of NSAIDs may be accompanied by intolerance reactions of the skin (urticaria, angio-oedema, pruritus, flush), respiratory symptoms (dyspnoea, rhinitis) or anaphylactic-like reactions [4] [5] . The manifestations usually occur within 3 hours after drug intake [6] . NSAID intolerance is one of the most common causes of adverse drug reactions (ADRs) accounting for 44 .7% of all reported ADRs, only surpassed by ADRs induced by antimicrobials [7] [8]. The prevalence of adverse reactions to NSAIDs is about 0.3% -0.9% whereas in the normal population it amounts to 23% -28% in patients with asthma and chronic urticaria [9] - [12] .
In a previous study, 15% of respiratory syndroms (asthma, rhinitis or dyspnoea) were associated to NSAID intake in patients suffering from sickle cell disease [13] . These patients are paradoxically constrained to take NSAIDs during the vaso-occlusive crisis. They are exposed to adverse reactions. The objective of this work is to evaluate the effectiveness of a rapid protocol of a tolerance induction to NSAIDs.
Materiel and Methods

Patients
A total of 22 patients expressing following phenotypes of sickle cell disease (SC, SSFA2, SFA2 -15 men and 7 women) aged from 12 to 39 years (age mean: 22.41 ± 7.88) were enrolled. They have been selected among 1500 patients followed up in the department of Immunology-Hematology and Allergology of CHU Cocody-Abidjan. Patients were included after giving informed consent to the protocol approved by the ethical committee of Côte d'Ivoire. None of the patients had taken antihistamine (within the last 3 days) or corticosteroid medication (within the last 14 days) before the procedure. All patients were known to have a documented history of at least one episode of adverse reactions following the intake of Ibuprofen or Diclofenac whereas none of them had a history of infection, adverse gastrointestinal side effects, chronic renal failure and other kidney diseases, and liver diseases. The induced clinical syndroms summarized in Table 1 were treated using intravenous corticosteroid. In our study we did not perform any oral challenge test for the diagnosis of allergy to NSAID because of the severity of the clinical syndroms; however the occurrence of NSAID intake signs following the treatment of the pain was the evidence of such diagnosis.
Skin Tests and Desensitization Evidence
Skin tests were performed by prick method. This test was performed to evaluate the sensitivity of each patient to NSAIDs and to determine minimal doses inducing reactions that will be taken as the initial dose in the tolerance induction protocol. Consequently, before the procedure and one (M1), six (M6) months after the procedure, daily doses of Ibuprofen (1200 mg) and Diclofenac (150 mg) geometrically diluted with distilled water were tested in each patient. The results were compared to the histamine positive control (10 mg/ml) as well as to the distilled water negative control.
We have limited the induction of tolerance to NSAID to the lack of clinical syndroms during the treatment of the painful crisis since skin test is not an evidence of desensitization and the oral challenge test was not performed because of the severity of the induced clinical signs. 
Tolerance Procedure
The tolerance induction protocol was carried out at the Allergy Unit of the department of Immunology-Hematology and Allergology of CHU Cocody-Abidjan in the 22 patients divided into two randomized subgroups (A, B) containing 11 patients. One NSAID was allotted to each subgroup according to the procedure indicated in Table 1 (Ai: Group A ibuprofen. Bd: Group B Diclofenac). At day 1 (D1), day 2 and day 3 (D2, D3), all the patients were hospitalized respectively during 14 and 8 hours in the Allergy Unit of our department. Before and during the tolerance procedure, cardiovascular parameters, naso ocular, pulmonary, and cutaneous symptoms were monitored in all patients. In patients with a history of bronchial asthma or respiratory symptoms induced after NSAID intake, a pulmonary function test was performed before the beginning of the procedure. The oral initial dose (diluted in distilled water) was the lowest that have given a positive reaction to the prick-test carried out before the procedure (8.82 mg for Ibuprofen and 2.20 mg for Diclofenac). We gradually increased every 60 minutes to reach in 6 hours later the effective therapeutic dose. The first day (D1), this last dose was renewed 6 hours later. The second (D2) and third (D3) days, the therapeutic dose has been orally administrated with an interval of 6 hours during 12 hours as indicated in Table 2 . During and after the challenge test, patients remained under medical supervision for up to 120 minutes. When objective symptoms summarized in Table 3 (flush, urticaria, angio-oedema, rhinitis, conjunctivitis, dyspnoea or cough and asthma crisis, hypotension) appeared, patient was adequately treated and declared ineligible for at least 6 months before he could be convoked for another appointment. Three days after the procedure, patients out of hospital could contact us by telephone to report any reliable symptoms that might appear.
Statistical Analysis
The Chi-Square test by Pearson was used to analyze our data and a p value = 0.05 was considered significant (SPSS for Windows, version 10.0).
Results
The patients were classified according to the NSAID (Group I for those who have taken Ibuprofen and Group D for Diclofenac). The two NSAIDs were prescribed independently of the age (22.41 ± 7.88 years), of the sex (sex ratio 1.6 man for 1 woman), of the weight (middleweight of the patients with 51 Kg) and of the hemoglobin phenotype. All the patients have a history of clinical symptoms that occurred 15 minutes to 24 hours later NSAID intake. The symptoms summarized in Table 1 were anaphylactic reactions associating hypotension, cardiovascular shock, according to EAACI revised nomenclature for allergy [14] . Few symptoms have occurred more than 1 hour after the NSAID intake.
The tolerance induction protocol to the NSAID was extended over three days. Table 2 shows times of administration of the drugs and their cumulative doses. No lost sight was observed. 72 hours after the end of the procedure, hypo responsiveness was induced in 76%, 84% and 88% of the patients respectively at D1, D2-D3 ( Table 3) . No objective symptoms appeared. However, apart from the epigastralgia that may be linked to the gastrotoxicity documented of NSAID, we noted 6, 4, and 3 cases of failure respectively at D1, D2-D3 (Table 4) . Two syndrom groups were observed: the group of Asthma/Rhinitis that contained 11 cases out of the 22 patients. Among those patients, 2 cases of tolerance failure represented 9.1% with an eczema that appeared at 72 hours after D3 (three days after the procedure) and confirmed by a positive patch test to Ibuprofen in patients n˚ 6, and 20. The second group was composed of anaphylactic syndroms. On the one hand, from 5 patients out of 22 having a history of anaphylactic reactions such as pruritus and angioedema occurring after NSAIDs intake, one of them (4.54%) had presented angioedema at D1. The results have been confirmed 1 and 6 months later by the negative skin tests as well as by the lack of clinical syndroms following the treatment of the painful crisis using Diclofenac or Ibuprofen (this might suggest a negative oral challenge test). On the other hand, among patients with a history of anaphylactic reactions such as symptoms associating hypotension, cardiovascular shock, the NSAID was not tolerated in 4 (18.18%), 1 (4.54%) and 2 (9.1%; n˚ 10, and 16) patients respectively at the D1, D2-D3 of the procedure and 72 hours after the end of the procedure. At M1 and M6, a positive result of prick test in patient n˚ 10 was observed.
This was associated with a persistence of clinical syndroms whereas in patients n˚ 16, and 20 of asthma/rhinitis group, cutaneous test remained negative without no clinical syndroms. According to the number of NSAID intake days, a significant increase of tolerance was observed as showed in Table 3 (tolerance level was 76% vs 84% vs 88% respectively at D1, D2-D3, and 72 hours after the end of the procedure; p < 0.05). In contrast, comparative analysis revealed a decrease level of tolerance according to the severity of the syndroms (the global level of tolerance was lower in the groups of anaphylaxis associating hypotension cardiovascular shock and anaphylaxis with pruritus, angioedema than in the group of asthma/rhinitis; Table 4 , p < 0.05).
Discussion
The treatment of the inflammation induced in the vaso-occlusive painful crisis of the sickle cell disease requires usually the NSAIDs. Unfortunately, NSAIDs are after antibiotics, the second most frequently suspected agents causing drug hypersensitivity [15] . Indeed, these drugs are responsible for 21% -25% of reported adverse drug events which include immunologic and non-immunologic hypersensitivity reactions [16] . The prevalence of acetyl salicylic acid (ASA, aspirin) hypersensitivity ranges from 0.6% to 2.5% in the general population, from 4.3% to 11% in asthmatic patients [17] and from 20 to 40% in chronic idiopathic urticaria [18] . The hypersensitivity may occur shortly, within 15 minutes or longer, up to 24 hours after NSAID intake. In general it develops within 1 to 4 hours [19] . Some patients might have life-threatening reactions, especially those with aspirin exacerbated respiratory diseases (AERDs, Widal syndrome), which associate aspirin sensitivity, asthma, nasal polyposis, and the airway remodeling [17] . Few subtypes of hypersensitivity to NSAIDs are recognized depending on timing, symptomatology and putative mechanism of reactions [20] - [22] : NSAID-exacerbated respiratory disease designated as aspirin-exacerbate respiratory disease; NSAID or aspirin-exacerbated cutaneous disease (urticaria and angioedema in patients with chronic idiopathic urticaria); Multiple NSAID-triggered urticaria, angioedema, and anaphylaxis in patients without other underlying disease; Urticaria, angioedema, and anaphylaxis induced by a single NSAID. In turn these can be divided into IgE or T cell dependent reactions [23] . In 70% of cases, non-specific immunological mechanism is involved in the NSAID hypersensitivity [24] . Eicosanoid metabolism dysfunction or other alterations are prone to hypersensitivity when NSAIDs inhibit the enzyme cylooxygenase-1 (Cox-1) [19] [25] . Selective NSAIDs strongly inhibit COX-2, but they are weak inhibitors of COX-1, so they are well tolerated in patients with NSAID-sensitive asthma [26] [27] . Only in 1/3 of the cases will be theoretically possible to apply in vivo or in vitro specific immunological tests based on the capacity of IgE or T cells [28] .
In our patients, the immunological mechanism may likely be evoked. Indeed, the majority of the patients were enlisted on the basis of positive skin test as well as on the clinical syndroms induced by NSAID intake. The NSAID-induced clinical syndroms such as asthma/rhinitis and anaphylaxis are generally associated to immediate hypersensitivity (IgE hypersensitivity) according to Gell and Coombs's classification [13] . In addition, clinical signs appeared in less than 2 hours after NSAID intake and were associated to a positive skin test to Diclofenac or Ibuprofen. In contrast, in patients displaying the negative cutaneous test, the Eicosanoid metabolism dysfunction might be involved. Indeed, it is known that controlled oral challenge test is the only definitive way to detect sensitivity to non-steroidal anti-inflammatory drugs in patients with adverse reactions to these agents [29] . Nevertheless, due to the severity of the induced clinical signs, we limited the NSAIDs hypersensitivity diagnosis to the skin test but not to oral challenge test (in the management of the painful crisis, the occurrence or the lack of the clinical syndrom following the NSAID intake might be considered as a confirmation or infirmation of the diagnosis of hypersensitivity to NSAID).
In general, patients who have adverse reactions to nonselective NSAIDs have limited analgesic and anti-inflammatory therapeutic options, but several studies have shown that highly selective cyclo-oxygenase-2 (COX-2) inhibitors can be safely used [30] [31] . However, in a small percentage of cases, adverse reactions (respiratory or cutaneous) have been observed during a challenge with a COX-2 inhibitor [32] . When these occur, the next step to be taken is not clear [33] . And particularly in patients suffering from sickle cell disease, none codified alternative therapeutic is known.
Certainly, at the time of crisis, the patient needs to be treated for pain. However the analgesic therapeutic option is often ineffective in our experience. Consequently the desensitization to NSAIDs might be proposed because of the inflammatory process involved in the pain. In these patients, it was necessary to develop a protocol allowing NSAIDs to be safely administered in a few hours to treat the painful crisis.
We evaluated the results of immune tolerance of two NSAIDs within a rapid tolerance protocol as performed elsewhere [34] . Whatever the NSAID, all patients have presented the same clinical signs reported in Table 1 , before the study. Six month later, we noted that 88% of patients have tolerated Diclofenac or Ibuprofen.
Nevertheless, few cases of failure have been reported. Such cases might be related either to severity of clinical signs or to the patho-physiological mechanism involved. Indeed, pharmacological profiles as well as hypersensitivity of NSAIDs depend on their inhibitory activities. It is known that the diagnosis of hypersensitivity to NSAID is based on the clinical history, the skin test and the oral provocation challenge test with NSAIDs [35] [36] . The skin test responses are typically negative except when there is a true allergy [15] . In our study, failure cases were observed in patients suffering from severe syndroms (asthma/rhinitis and anaphylaxis syndrom) [17] . In addition, the fact that skin tests were negative before tolerance induction in patients n˚ 16 and 20 ( Tables 1  and 3 ) may demonstrated the involving of the dysfunction of the mechanism of eicosanoid metabolism in such tolerance failure. Furthermore it is now also known that tolerance induction can be used in for non-IgE mediated allergic reactions [37] , and the protocols of desensitization to the NSAIDs and acetylsalicylic acid showed well performances [38] . Anyway, the mechanism of the tolerance remains an immunological base [37] . Various studies have proposed different mechanisms for IgE-mediated desensitization: internalization of antigen/IgE/FCεRI and cross-linking of inhibitory receptors on mast cells [39] ; reduced levels of up-stream signal transducing molecules, such as Syk which are necessary for activation and mast cell IgE-signalling [8] ; negative regulation of IgE mediated allergic responses by Lyn kinase in mast cell responses both in vivo and in vitro [40] ; and elevated levels of the signal transducer and transcriptor activator STAT-6 involved in transcription of IL-4 and IL-13 necessary for desensitization of murine mast cells [41] [42] . In the food allergy, desensitization is the result of particular immunological mechanisms located in the intestinal mucous: specific T-cells deletion, anergy or inhibiting control is exerted by T-cells regulators. These cells (essentially CD4+) that comprised various lymphocyte sub population expressing CD4 + CD25 + Foxp 3 + and generated in thymus and the periphery, Th3 cells producing TGF-beta and Tr1 producing IL-10 are cells involved in the immunological mechanism of desensitization [43] [44] .
These cell subpopulations are generated by the oral administration of the antigens. They are known to be involved in the inhibition of T cells effector activation, the inhibition of specific-IgE induction and the IgE-dependent allergy inflammation [44] . It has been demonstrated that tolerance cannot be induced in mice CD4 + CD25 + T regulators knock out [45] .
Anyway, such rapid protocol did not allow us to conclude that the tolerance obtained in our patients had an immunological mechanism as describe above since the patients weren't tested at a long enough interval.
Several reasons led us to perform a rapid tolerance protocol. On one hand, there is a lack of recommendations for the clinical and immunological follow-up on the long-term. Many different protocols have been published, from 3 days (rush milk oral immunotherapy) [46] [47] to a 6 month protocols (slow dose-up oral immunotherapy) [48] . Any study both comparing different oral immunotherapy regimens and defining different patient's phenotypes in order to perform oral immunotherapy was known.
On the other hand, rapid protocol has proved its effectiveness in others studies. Szczeklik and Stevenson described a strategy for the desensitization of patients who have respiratory disease exacerbated by aspirin This protocol, which is also known as the "Scripps Clinical Protocol", includes small oral doses of aspirin that are administered over 2 to 3 days, up to 400 -650 mg. Aspirin desensitization, followed by daily aspirin treatment, can be considered as a therapeutic option in patients with aspirin-exacerbated respiratory disease who suffer from chronic coronary artery disease [49] .
More recently, Rossini et al. used a different protocol for rapid desensitization in 26 patients with a history of hypersensitivity to aspirin who were to undergo a coronary intervention with stent implantation and had shown aspirin sensitivity in the past, with respiratory or cutaneous reactions. The procedure included the administration of 6 progressively increasing doses of aspirin (1, 5, 10, 20, 40 and 100 mg) over 5.5 hours. Of the 23 patients who were desensitized successfully, 22 received stents and took aspirin for 1 year without showing any adverse effects, apart from 1 who discontinued the treatment because of a peptic ulcer [50] .
In our study, the results of the cutaneous tests to the NSAIDs assessed and NSAID intake clinical syndroms before the induction of the tolerance in patients n˚ 6, and 10, might well demonstrate the diagnosis of IgE-mediated allergy. However the failure of tolerance in these two patients remains unexplained. In spite of these failures, general analysis of the results shows the success of our protocol even if the mechanisms of such tolerance remain unknown.
Conclusion
The use of NSAIDs in the painful crisis of sickle cell disease may induce intolerance to such drugs. The Eicosanoid metabolism dysfunction mechanism is often reported to be associated with adverse syndroms whereas IgEdependant allergy mechanism might be involved too. However, in front of the lack of an alternative therapeutic to treat the painful crisis, such successful tolerance induction protocol to NSAID might be proposed. In addition, this experience could be used in other pathologies in our context where patients often develop intolerance to antibiotics such as sulfonamide in HIV infection. Indeed, patients infected with HIV are at increasing risk of developing cutaneous reactions to sulfonamide antibiotics. This is likely related to immunologic factors and frequent exposure to these antibiotics. Trimethoprim-sulfamethoxazole (TMP-SMX) is the drug of choice for the treatment of a number of HIV-associated infections and, therefore, many HIV-positive patients with a history of reacting to sulfonamides still require treatment with this antibiotic. Induction of drug tolerance procedures can be used to safely administer TMPSMX to HIV-positive patients with a history of reacting to the antibiotic [51] .
